The aerodynamic design of an aircraft propeller requires a proper choice of design conditions among which the engine characteristics (power, revolutions) and the design flight speed are essential. Especially fixed propellers are considerably affected by the design point because their best operation corresponds to a single flight speed only.
Introduction
The purpose of a propeller is to achieve maximum thrust at the given engine parameters (power, r.p.m.) and selected flight parameters (flight speed, altitude). By considering velocity and force relations on a propeller blade it is possible to establish the mathematical description in a form of propeller equations which analyzed lead to the conditions for the optimum distribution of circulation along the propeller blade. The magnitude of circulation has a direct link to propeller geometric and aerodynamic parameters satisfying the selected design regime.
The paper focuses on the aerodynamic design of a propeller blade giving maximum efficiency at the particular advance ratio. A set of equations has been derived the solution of which leads to optimum distribution of circulation in relation to the power coefficient, advance ratio and number of blades.
Design Specification
The initial parameters for the design of a propeller include engine parameters (power, revolutions), propeller diameter and flight speed. In describing aerodynamic properties of propellers essential quantities are given by the relations:
Advance ratio
The propeller efficiency comes from the previous relations as
The task to achieve maximum efficiency at the fixed values of the power coefficient and advance ratio leads to the condition of achieving max → T c [2] .
Set of Propeller Equations
In the following relations the indices 0, 1 describe the flow in front of a propeller (index " 0 ") and in the propeller disc (index " 1 "), as indicated in Fig.1 . The relation between the local lift values and the total lift can be expressed as
Introducing the concept of circulation and the Joukovski -Kutta theorem makes possible to write relations
These terms when inserted into (5) give the lift resultant which depends on the distribution of circulation along a propeller blade. The previous procedure transfers the task of gaining
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To facilitate the numerical procedures the non-dimensional quantities are introduced
where the velocity components are indicated in Fig. 1 .
Fig. 1. Velocity and force components Velocity Relations at a Local Blade Section
The resulting velocity at the local radius including induced effects is composed of axial and tangential components ( )
or by means of (12)
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The simplest vortex system of a propeller is represented by a system of concentric vortex cylinders with a continuous distribution of circulation (by Joukovski) which gives the following relations for velocity components as functions of circulation
The vortex system of question does not fully conform to experimental results because it strictly corresponds to the infinite number of blades. As a consequence the error increases with the advance ratio, the propeller power loading and the decrease in number of blades.
It is recommended to improve the error by a correction factor depending on the advance ratio and number of blades [1] 
Substituting into (15), (16), the velocity components become
The following step is to specify links between kinematic and structural quantities by the geometric parameters: angle of blade twist, local sectional chord and airfoil thickness to conform the flow relations ( 
Distribution of Optimum Circulation
Based on the previous considerations on velocity and geometric relations the task to calculate and design the propeller blade is simplified to the determination of optimum distribution of circulation.
The specific method to solve this problem and utilize its result for a real propeller design follows the procedures described in [4] . An iteration method was used where the successive steps lead to the final value of local circulation. The numerical process is terminated when the accuracy criterion for two consecutive steps is satisfied 
The calculated values represent the optimum distribution of circulation directly giving the distribution of local chords and setting angles. Moreover it enables to calculate even the thrust and power coefficients [1] .
Demonstration of a Propeller Design
Based on the procedure described in the paper a number of propellers were designed and more than 100 manufactured in , C = 1.120 which enter the iterative process and lead to the distribution of optimum circulation Γ given in Fig. 2 . Numerical values of circulation and velocity components are summarized in Table 1 . The thrust characteristics at low speeds also received better evaluation by the test pilots leading consequently to a shorter ground run and total take-off distance. The propeller efficiency was assessed as better in the full extent of flight speeds.
Conclusion
The presented method makes possible to design structural parameters of a propeller blade. It is based on the determination of optimum distribution of circulation leading to high propeller efficiency. The design parameters (propeller geometry) meet the specifications given by the combination of the engine parameters and selected flight regime
